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AH%(S) HANDBOOC(, 5 

PREFACE 

The lfteratur9 of cr!.tical size ma~urements is ,gxtensive ard can be con- 
fusiw, the came meesurement say be reported iri a mmb~r ‘cpf places snd .there 
w ~ti.mss be vi~iotfon in d&ail in the different accounts. Accass to 
poprtrs’ard rcpoPtr can rlrso bq difficult and will depend o&the library 
fccflitier &vailoble. TO establish uhat,masuremerats have been made i’n B 
particulipr axea of kntrrert, anb’tcr Uti detailed md authoritative accounts. 
of the meawremmt, cm, therefor& be a time-consuming exercise. Nevartheles~ 
this autlerhl ir the bwic deta af czitichlity and Che criticality specialis$ 
aft hav8 recourse to it from time to tim. For imtanc& he may need to check 
i ca1culatlwxti m&hod md any associated ruckmr d&a. against reference exped- 
memts or Q particular criticality clearance may depenci on a detailed comparison 
of parim%tsrs. 

It was feit, therefore, that a need existed for a compilation of data in 
x&Mvely detalied form reference to whl’ch c&Ad take the place, at least in 
the first instance, of reference to the original literature. It is hoped that 
the presmt ‘hahcpbook which is to be pubiished in three parts, goes at least- ~wte 
way to Rlceting tMs need. 

In compiling the handbook reference has Been made, wherever possible, to the 
primary account of the critical measurements reported and assemblies ax& des- 
crib& in as close approximation 8~ possibla to the actual assemblies on which 
measurements were nade, (thus, subsequent shape changes, homogenisation etc. D 
have been lgmred). This 1s not to say however, that later accknts of an 
experimnt have not sometimes provided useful additional information. ‘Many 
axcellent review articles and handtK,oks already exist in the critfcality field, 
prwichg generaUsed guidance and data correlations for mre 01 less simpli~ 
f ied systems, ‘It is in no way the aim of This handbook to replate theset rathrer 
it ia to supplement them for the criticality specialist by collecting and 
assinilatfng into tabular fom, convenient for qufc& reference, the detailed 
results on -kriCh they are founded md on which similar correlations can be 
bawd in the future. 

It is intended ttrat the handbook s’noufd Pncluda only data folr systems which 
are rehtiveiy ‘clean’ an6 where it Js clear that the measurements were suf- 
ficiently paUxtakhg and the systenr was carried chose enough to critical for 
the result to be accurate. With this pr~vfs~ it is believed that the handbook 
PS re;aaonably comprehensive so far as materSa generally available up t3 about 
the begiming of thi? 1% Geneva Conference is concerned. , 

Perhqs the most difficult problem in canpility the handbook has beon the 
allocation of the data int3 tables, determining the length arid complexity of 
ths tables. Gmerall~ the aLlocations have been made as a compromise between 
a c&ire to assocfate results for comparable ;ind related systems ar,6 the need 
to avoid tables which are SC complex as to ix &fficulf &O red& 



10 - .Lattices 

PART I: (published previously) 

3 - Single U233 Cures Moderated by Deuterium, 
Beryl i ium, or Carbon 

4 - Single PButoniurn Cores kderated by Deuterium, 
Beryllium, or Carbon 

PART If (published previously) 

5’ * Single U2? Cores Moderated by Hydrogen 

6 ‘O Si@c ?Butmiun Cores IModerated by Hydrogen 

63 

85 

169 



Ttte Skdt3ton mntenOs psge given at the front of the handkok is sup@mented 
at the begiilning of each chapter by a separate cont~?nts paglz shob<ing UW 
cqsnkation of the chapter and Ilsting the tables the chapter contaiars. 
Ttbles are IdczLified by a title and additionally by a two past nmber of which 
ths first par t dudes the chapter in which the table appears and the second 
part the position of the table in the chapter. Also, as a further afd to 
rapid refererrce# each pxp of the tables carries a ‘page-title’ in tile! top left 
hand corner briefhv suidx~ari5ing 
part-chapter refer:;, (i me, 

t-he type of system to which that chapter OF 
the degree of heterogeneity - single units, inter- 

acting arrays ox ltrtticed Systems; the nature of the fissSle nuclidel the 
nature of any rmderathg nuclidq and, in the case of U23’ systems, whether 
the uranium is of high (> 90%) or lower enrichment). 

Separate compilations of bibliographic references are given for each 
chapter and ~GHOW ir~zciiztc1y after the chapter contents pages. 

To facilit;ate e;\sy tmdcrstanWq of the tables a standard form of table 
layad has been ;I=iepttTd, so far as possible, and an sttmpt has been made to 
inure that each Table is self-contained. As exceptions to these rules 
haformation common to all (or nearly all) of the ervtries in a table is usually 
brou&L to the head of tbr3 table in note form, thm re=iucing the complexity of 
the TJMC !aycmt, an~I material conpssitions ad &nslOies are omitted ~hesre 
the faateriais concerned are corrimonly-occurring and feature in a large ntMxr 
oi fatles. The following compositions in densities may be used for these 
cmxmniy-occurring materialst 

(&xerican Tron and Shei Institute Designation)8 18*o-20°0 wt$ Cr, 
&O-W0 wt% M., 2aC? wt% (max) in, 14 wt% (max) Sit density 
7*9 gm/cc 

Type 347 Stdnless Steel - 

Type 3s Aluniniwn - 

Zircaloy - 



Polyethylene - 

Paraffin Wax - 

Atunic con:pos:tion ti38O3 

Infcxmation which has been generally excluded from the Tables i~cludest . 

( 1 d tmper3turc of the a s:c:nbly, provSdcd this is near ambfmt; 

(b) detaiied isotopic an3lysis Df fJ.ssil’e mz’ieriais 

(c) detailed artalysi,c\ of material6 of cortstruction, etc., for tsxe 
impurities exccpP where signifkmt cpantiUes of nr~Woc pdsonb 
are found. 

Notes appended to the Tables kve been phrased so far as possible ‘in the 
words of the authors of 0~ measureme~es referred te. Generally the rsot~;ts cm- 
tain inforcatilon which may be though& 

(b) to bear on the validity of the results (e.g., wt;ere available, t!~e 
v;3tues of corrections for unsvoidabls experimenta pcrtwbations 
from idea1 ccwditiws. such as incident& nwtrcm rs=fiwtion from 
ruom walls ice given). 

The following terminology and ahkxevLations are uszx3~ 

water 



Wxxe tb information required to fill a space in a table is not available 
ttiis is indicated by placing a dash - in the space- 

(Notes as wili be clear from an examination of the Tables an empty space in 
a Table ir;;plics repetition of the data for the preceeding entry in 
the Table. This is a device soretimes used to improve the legibility 
of the sentence). . 



CHAPTER 7 - SINGLE U-3 CORES 



CPUWTER 7 - aMTENTS 

7.3 Umaf1sctad Spheres of Aqwmua uo~(No,)a 
(Includes solutisns with added boron) 

7.4 Spheres of Anus UOaFa withdater i?8fhCtO~ 
(Irkchdss systems at elwated t43fsperatuea) 

7.5 Spherss of Acqueous lJo;t(tm~)~ with water raflector ’ 

7.6 &wsfhcted cylindsro of Aqwous UOaF;r 

199 
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202 

206 
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EXP!ZRIMENTRL RESULTS FOR SINGLE u=’ CXMES IVODERATED BY HYDROGEN 

Reference i tc . 
f 

,Fisaile Ss1utkm : Contained a small amount of excess nitric kid 
. 

Sphsres : Type 35 aluminium; connected to solution storage at top 
and bottom by flexible tubing 

Reflector g Effectively infinite thicknsss 

Volm 
(Ima) 



EXPERILENTAL RESULTS FOR SINGLE U233 ,00RZ3 KGERATED BY HYDWGEN 

Cylinder : Type 35 aluminium; solution feed and drain lines connected at 
top and bottm; approxbnately +yui faterdl in shape 



Unreflcctsd Qqlinders of AQU~OW W&G& Solution 

Reference t 7, 8, 9 
, 

- Fissile Solutions t Contained sm11 mounts of thorium &d excess nitric acid 1 ’ 

Cyl fnder : Stainless steel 

The critical height values given. in the Table include -a correction of 0.53 in, for the bottom &tructure, 

SOLUTION OOIXEW’ffNTION 
(gn/gm of 8Ohf iun) 

, 

SUYED CR1TZCAL PARAMETERS 

Solution 
Hetght 
w:.) 



ip8CtfiC Solutlcm 
irrvEty ’ Concrntr4tion of ((pu PJ~/lltra) Rd$a 

332  

6% 

519  

l  332  

. 65  

33  

194 
( 9-5 In,) 

22-9 
( 9-O 1n.j 



574 

120 

151 

4242 



84 

10 

67 

63 

4PQ 

33 

26 

2-66 

246 

246 

246 

244 

246 

246 

246 
246 

am bol,hWd ftot to be tritht rt mv hr:lpht 

b. Ho reflector em th8 top rurrfrce of the car* 



CHAPTER 8 - SINGLE CORES OF MIXED FISSILE !SOTOF’ES 

209 
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Table 8.1 

Unref 1 ected Met.31 Spheres 

These experiments were performed with a sphere of plutonium enclosed in 
a cbxeefitting, spherical shell of highly enriched uranium (average density 
18-8 cp/cc)* The systems shown in the Table were delayed critical 

PLUTONNM SPHERE 

Average 
Density 
(9fl-h) 

19&22 2327 .a 

w62 2 .02ba 

15% 2.02za 

W56 5072~ * 

15*62 8.3t3gapb 

Mass 

k3d 

. URANIUM SHELL 

Thickness* 

(in.) 

1 l 451 

1 l 938 
, t m948 

1~16 

Oh52 

L 

u233 

Mass 
(kgm) 

2643 

36.35 

36a.7 

1843 

12.64 

References 

-1. 

1 t i 

1 

1 . 

2 . . 

d. Plutonium contains - l*O wt % gallium. 

b. Sphere n:aJe up of two hemispheres . 

2x2 



EXPERIMENTAL RESLLTS FOR SINGLE MIXED Uz3’/Pu CORES 

Table 8.2 

These experiment s were performed with a solid, nickel-plated sphere of ’ ” 
plutonium enclosed in a shell of highly enriched (93Q ;Nt $) uranium and then 
in a natural uranium reflector of fixed outer diameter. The usarrium components’ 
used were8 

(a) Two pairs of identical hemispheres containing mast of the highly 
enriched uranium (8642 gm and’728 gm respectively) and fitting 
closely round the plutonium sphere 

. 
(b) An outer reflector shelf, containing most of the natural uranium 

and divided into one hemisphere and two quarter-spheres 

(c) A thin she11 fitting between (a) and (b). This was subdivided into 
a number of elements, each of which was available in both highly 
enriched and natural uranium. Total mass of highly enriched 
elements 1,092 gm 

Further details of these various components and of the plutonium spheres 
used are given in the Table and in Figure 8.1. Criticality was achieved by 
replacing natural uranium elements in shell (c) by higtCy enriched uranium 



Table 8.3 

Meta 1 Cylinders 

These experiments were performed with a cylinder of plutonium (- 6 wt % Pua40, 
A 14 wt $ gallium) enclosed in a close-fitting cylindrical shell of highly 

enriched uranlurn ($3342 wt $ enrichmept) and then approximately centrally in a 
cyltxirical reflector of natural uranium external dimensions l&O in. dia x 10 in., 
(awrage density 194 g&c). The plutonium components were clad in OGQ~ in. 
thick nWce’l and contained a 0a06 cu in, central source cavity for which no 
c&xtions were mack. The dimensions of the shell of highly enrich& uranium 
were such that the height/diameter ratio for the internal and external surfaces 
was icjentical. The sysbms shown in the Table were delayed critical, 

PLUTONIUM CYLINDER I U”35 SHELL 

Average 
Density 
( P/CC) 

Diameter 

(h) 

t-- 2* 235 2*231 140 ’ 2.13 

0*875 0420 3*14 

la290 oqo 4*73 

. 
Average 335 

Density Mass 
hP/cc) kP) 

----- .) 
- ~--_ 

- 
w50 3*7 

1846 13*0 * 
18qo 93 kO*Z 



EXPERIMEi;TAL RESULTS FOR SINGLE MIXED Uz35/U233 CUES 

These experiments were performed with a sphere of U233 rrxlosed ifi (i 
sphzrlcal &ell of highly enriched ti*?’ (average density 18.8 q/cc). The 
system shown in the Table were delayed critical, 

U2= SPHERE I 

2-I 5 



\ . 

TABLE 4992) 



CKAPTEI'? 9 - INTERACTING ARRAYS 



CHAPTER 9 - CONTENTS 

EXPEBIMEKML RESULTS FOR METAL ARRAYS - )IIGHLY ENRICHED 

Cylindrical and Cubic Units . 

Table 9.1 

9-2 

3.3 

9-4 

93 l 

TWO x>.9& kgm Cylinders Embedded in Hydrogeneok 
Material ’ 

Three-dimensional Lattices of Cylinders-Air Space@ 

Three-dimensional Lattices of x>a960 kgm Cylinders 
Separated by Plexiglas Sheet 

Cubic Lattices of i in., 1 in. Cubic Units in Water 

Square Lattices of & in. dia. x 12 in. Rods in. 
Water 

Slab and Disc Shaped Units 

9-6 Two Discs - Air Spaced, Unreflected 

97 l Two 8 in. x 70 in. Slabs - Air Spaced, Unreflected 

9.8 Cubic Lattices of 8’ini x 10 in. x 1 in. Slabs 

~EXPERIMENTAL RESUtTS FOR METAL ARRAYS '- INTEIZMEDIATE AND LOW 
ENRICHMENTS 

9-9 Plane Lattices of 33 in. x 38 in. x t in. Piates 
of 2-09 wt. $ Enriched Uranium in Water 

EXPERIMENTAL RESULTS FOR ARRAYS OF HYDROGEN MODERATED UNITS - 
HKHLY EMR ZCHED 

C;tliWkical Units - Lirwar Arrays 

% 10 Air Spaced Arrays 

Cylindrical Units - Planar Arrays 

9 1 . 2 Hexagonal Lattices - Air Spaced, Unreflected 

9.13 fiexagonal Lattices in Water 

.9 1 I 0 4 Hexagoml Lattices of Cadmiuwc1ad Units - Air 
Spaced, Unreflected 

9.15 Hcxsgonal Lattices of Cadmium-clad Waits in Water 2GS 

Page 
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242 

245 

246 



9J6 Square I.attices - Air 5paced, Unreflected 

9.17 Square Lattices in Water 

9.18 Sqdare Lattices - Units Stqarated by Plmiglas 
Sheet 

?, 19 Square Lattices l  - Arrsy Divided into Two Pmts by 
ConcrH-e or Piexiglas/Nater Slab 

9.20 Three Units at the Vertices of an-Isosceles 
Triangle - Air Spaced, Unreflected 

9.21 Thre2 Units at the Vertices 6f an lsosceim 
Triangle, in Water 

9.22 Cylindrical Units - Ttw~e-disnensional, Air Spaced \ . 
Lattice5 

Slab Tanks 

9,23 Linear Arlrays - Air Spaced 

9.24 Linear Arrays in Water. (Includes additional 
experiments with water partially .replaced by 

9*25 Two Tanks Interacting through Plexiglas or . 
styro foam 

9-26 TWO Tanks in T or L Arrangement .- Air ~p~cwd, 
Unrefhxtcd 

Mixed Units . 

9..2 7 10 in. dia. Cylindrical Unit Interacting with 
- 6 in. Thick Slab Tank - Air Spaced 
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9.28 TWO Stacks of 39*14 wt. % Enriched UOJParaffin 
V&w Mixture 

9.29 Two Stacks o f 7.42 At&Cc % Enriched UFkf’Paraffin 
Wax flixture - H/U235 Xomic Ratio &C, Polye- 
thylene Wf ledor 

9.30 Twc Stacks of 1*42 Atomic % Enriched UFJPar~ffi~ 
iVax Mixture - H/3 ’ “)’ Atomic Ratio 420, Varlsus 

. Reflectors - - 

9.31 -fwo St.acks of 142 Atomic $ Enriched UF&araffin 
Nax Mixture - H/U233 Abnic Ratio 570 

255 

. a 
256 

257 

253 

261 

263 

265 

266 

267 

268 

269 

270 

r) 27, 
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EXPERIfENTAL RESULTS FOR U7” METAL ARRAYS - HIGHLY ENRICliED 

Table 9.1 

Two 20*960 Kqm Cylindriql Units Embedded in 
Hydroqenous Material 

Reference . 3 2 

Uraniuz ' 
. 

t .Enrichment 93*2 wt, $ 
Density . tw76 gin/cc 

Cvlinder dimensions : . lb506 cm. dia. x lo*765 cm 

Array Ref l&r : Polyethylene, at least lje2 cm 
. thick. and close-fitting 

The cylinders used inthese experiments were suppcrted, with axes vertical 
and plane surfaces facing, on stainless steel hods passing through two 0+X3 cm 
holes in each cylinder parallel tq the axis and located 8347 cm apart on a ‘e 
diameter, The vertical separations were established by spasms of appropriate 
length out from Inconel(a) tubing closely fitting the support rods . r 

CYLINDER CONTAINERS DELAYED CR1 TICAL SPACING 

Each cylinder centred in Plexiglas box, 12+ cm between cylinder surfaces 
wall thickness 0.64 cm external dimen- with an air, cavity between the 
sfons 12.3 cm x 12*9 cm (base) x 12.1 cm Plexiglas containers. 
(height), and corner voids filled with 
paraffin .1009 cm between cylinder surfaces 

&en the cavity between the Plexiglas 
/ containers is filled with further 
Plexiglas, 

i 

As earlier experiments but Plexiglas Array neutron multiplication less 
containers completely enclosed in than 2 with containers in contact 
0*06 cm thick cadmium. 

As earlier experiments but cadmium 
replaced by 1.3 zm thick Foamglasb 

As earlier experiments but Foamglasb 
thickness Z+5 cm 

Array neutron hltiplication less 
than 2 with containers in contact 

Array nculron multiplication less 
than 2 with con~~fners in contact 

. 

Each cylinder centred in ASA 
Schedule 40 iron pipe, 046 cm wall 
thickness, 14.1 cm O,D, x 13.2 cm 
height, prouidec’with 0.66 cm thick 
and plates 

Array 86 cents supercritical with 
2:2 cm between cylinder surfaces, 

iron conL3incrs in contact 

sray 12 cents supercritical with 
64 cm thick Plexiglas separating 

ron containers 

6. Composition l&l7 wt,$ Cr, 6-11 wt.5 Fe, Balance Ni(+Co) + mincer con- 
stituents; dewi ty 8+1 gm/cc 

b 0 Foamghs is an insulting material of pu-aus borosilicate #ass, bqron 
content 43, density 9+$1 c&cc . 
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064 

044 

1 l 

2*38 

12.1 
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Table 9-L 
1 

Cubic ksttices of 7 irk& IA in, Cubic Units in Water 

Reference: 1 

Ttme experiments were performed in a 35L in, dia. x 28 in, tank fiiled 
30 within 5 in, of the top with water. dn efktively infinite thickness of 
watstr is said to have been maintained cm all sides of the array. The uranium 
cubes wre suppkted on Lucite trays and tk &her boundary of the array was 
maintained as near to a cube as the number of wits assembled would’allcw. 

v 

URAN NM CUBES DiLAYED CRITICAL PARAMEYERS 

Size 

1 in 
z  l 

1 in, 

I 
s- 

Average 
No. of 
cubes 

18-72 38-35 469 -36 
378-W 
3?1*5g 
367-67 

. ( 521 -51 
1434 8 L I  m  

18-72 3068 1 8344 
x*97 

Centre to ckntre 
Spaciq of 

cubes 
(in,) ’ 

O-75 
lmco 
I-17 
1 +oa 
t -50 
2-25 

1 -25 
l-50 
1 l 75 
2-00 

a. Body centred cubic Iatt’ice 
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EXPERMENTAL RESULTS FOR U2= ME-ML ARRAYS - HIGHLY ENRICHED 

Table 92 

Square -Lattices of & in, dia, x 3 2 in l Rods in Water 

Reference : 1 
Uranium : ,Enrichment, 93*&A wt.% , tI 

Density, 
Average mass of uranium per&d : 44561 gn 

18a72e 9m/cc : . 
. 

(The lengths of tt a. rods wertz varied in the range 32 f: ’ in’. ‘in 
aln attempt to obtain a.‘uniform mass per rod, H~ever, P ive .‘mds 
had diameters of CM23 in, and averaged 42*34 grn). ’ ’ .’ 

. ’ . 
. These experiments were performed in a 351 in, dia.’ x 28 in.& tan;, fillid 
td within 5 in, of the top with water; &I sfhctively infinite thickness of 
water is said to have been maintained on al1 sides of the array. 

The uranium rods were supported in Lucite matrix plates and the outer,’ , 
* boundary of the array was maintained approximately circular,. 8 

I DELAYED CRITICAL PARAMETERS 
z - - 

No. of 
Rods 

I 
171 . 
IA9 

152 
173 
203 

Centre to Centre 
Spacing of Rods 

(inm) 

0*500 
0.625 ’ 

O&750 

0*8?5 

1 a30 
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EXPERIMENTAL REXLTS FOR lP ’ FETAL ARRAYS - 11 IGHLY EPiR IGdED 

Table 9.6 

Two Discs with Plane Surfaces Facing 

kference . 
l 4 

Uranium . . Enrichment 93-2 WC% 
Density. ,,- 18.7 gm/cC 

. 

Array Reflector : All &ays air-sphd 
and unreflected 

. .I . .* 
DELkYED ‘CWICAL PARAMETERS I, - 

Surface to Surface 
Spacing of Discs, 

(in.) 

Thickwzss of 
Discs 

( (in.1 

7 in. dia. Discs 
m 7 

I 0425 2*625 
t . O*2GL 2q 

0*35 x 2a75 
I ’ Gab6 ’ 3*m 

1 06 3ela I It 0'76 a . 3Q5 
. 

t 
11 in. dia. Discs 

0*78 
1*02 
l-60 
2ao 
240 
3-25 
4*00 
5-m 
6*50 . 
9ao 

l-80’ 
2*00 
240 
2*25 
2.30 
2.59 
2% 
2*?5 
2-675 
?*oo 
3*to 



EXPERI&i3dI’AL R&SULTS KM? l? METAL ARRAYS - tiIC2iLY EN~~KkiEC 

. 
Table 9,7 

TWQ a in, .X in, Slab-Shawd Units with Larqrr Surfaces Fxiq 

References : 5,, 6, 7 
Uranium ,: Emichment 93Q wt.% 

Density l&72 &cc 

Array Reflector : All arrays air-spaced and unreflected 

The references give two sets of. results, m ‘as measured’ set and a corrected 
set, Thee corrections were deteminsc! exprimentaily and t&;a into account the 
effects of an ahminim column supporting the lower of the two slabs. and a ’ 
O*OZL in, thick stainless steel diaphragm supporting the upper slab, No account, 
is taken, however, of the reflection uf neutrons ty the walls and floor of the 
rotm 

DELAYED CR ITfCAL PARAMETERS 
F- - 

Surface to Surface 
Smcing of Slabs . Ttdckness of 

Corrected for Slabs 

Measurer! Effects of 
Support struct11res 

(in.) (in,) . in. i 1 
.I 
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EXPERiENTAL RESULTS FOR Uz3j GTAL /WAYS - HIGHLY ENMXED 

Table 9,8 

Cubic Lattices of 8 iq x 70 in, x 1 in4 Sla0-Shaped Units 

These arrays were assembled bv bolting each .slab, enclosed in a O*W5 in. 
thick phstic bag, into a i/16 in.‘thick aluminim tray, The trays were then 
assmtled hori73nta1 ly, and with thft slabs oriented with correspmding dimes- 
sions parallei, into a steei frmewmk attactxd to a 1 in, thick steal table. 
A further 1/?2 in, tt,ick skct OP alminium was then suspended b40w each . 
position in the. lattice, (see Figure 9.1) 

RefI.ection to the base of the array was provided by tf;e steel tabie and 
l i;he remaining siljes were reflected by a 1 in, thickness of Plexic&s. The 
shape of the array, as defined by tl-,e centres of the peripheral slabs, was 
maintained as near-a cube as the n~&?r of slabs assembled would allow aqd the 
steel/Plexiglas reflectar was located at the outer boundary of the peripheral 
lattice cells, 

I 

93*4 
. 

Air-spaced 145 
93-4 

i 
185 f; 10 

93.4 350 zt 30 

93*15 1 in, thickness of Plexiglas 2.2 * 
situated midway between the I 

. slabs in a31 three co- 
ordinate planes 

93*15 3*45 
93*4 27 

r 1 36 f 5 
2 

93-L 75 5 5 
-2 I 

. 93e4 
1 1 in, tkicknes s of Plexiglas x+5 

situated midmy beteen the -2 
slabs in all three CO- 
ordinate planes, Iplus 
Styrafom =. Filllrrg ‘70% of 
ttie lattice cell vcluiie . 

93*4 As earlier: experiment bet 
Styrafoam replaced by Foamglas 

a. Atomic composition CH, density 0x124 c&cc 

bntre of 
Centre 

Spacing 
bf Slabs 

(in,) 

2 

3 
11 
12 

15 

12 

12 

REFERENCES 

8,‘ 9, 10 
8, 9, 10 
8, 9, 10 

11 
8, 9, 10 
8, 9, 10 

8, 9, 10 

8 t 5, 10 

b Foarr.glas, 
1 content - 

arr insulating m,te&l, 
2g, density o-IL,1 ~J&C 

is ; porous borosilicate glass, boron 
l r7 23, . 



UPS i%NTAL RESULTS FOk U235 METAL ARRAYS - INERMEDIATE AND IN ENRICHMVTS 

Table 9,9 

Flane Rectilinear Lattices of 30 in, x 3; in, x : in, plates of 2em ,te$ 

Enrickad Uranim in i’c’ater 

References : 12, 13 

fkie plates *used in these experiments were copper-plated ami varnished 
to prevent oxidation. 

The lattices vrere assembled by laying the plates face-downwards in 
paralld layers of four on a Plexiglas table. Separation within and between 
the layers was maintained by Plexiglas spacers , giving a v01tPne fraction of 
Plexiglas of about 0.20. men the last row contained fewer than four plates 
these were centred in the row if possible. 

In order to prevent trapping of air in the assembly the lattice was . 
tilted up at one end, Tf;is resulted in a non-uniform top reflector, An 
effectively infinite thickness of water is said to have been maintained on the 
rematning sides of the array, If the total nm*ber of plates in each of these 
assemblies is reduced by one haIF plate in the top row the resulting system’ 
was found to be su&riticaL with an effectively infinite water reflector on 
ali sides, 

DE LAYED CR IT ICAL PARAMZTERS 
r 

TN ICKNESS OF Surfxe to Surface 
TOP REFLECTOR 

(SEE NOTES PREFACING TABLE) 
pacing of Plates 

(WI 

'( ) cm Between Rows 
7 

5a2 - ,807 1 54 5 
if 

65 l 3 - 9.4 49 
z 
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(c) Etir~lrtim of tha r+clpmxrl rmmcaautrcm rultlpkrttarr curve tr rrld to lndlcrta that th!r ~m-1 could hat ba mrbe ctitlcrl rt my aotuticm blqht. 
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b l 

L 

f b 

9, 

h. 

1 0 

j 0 

k, 

The 7yp A cylinders wera 8 5’ in, O,D, p0lyethyhe bttle, 
It 

appmxinetely 48 ins hg which had b 1: in, crgpod opnlng md a 
ncxainrl capacity of - 13 I, bo uaL1 thickness, varied frm 0.45 !h. at tha bottan to 840 in, at U* top, rawlUCK) in l 
thee rveragud I.D. of 4.67 in. 

Tb fyp F cylindurs wme a.32 m 0.0, x 19905 cm external bight of 0*635 CQ thick Plexiglas and contained 
jam + oaal3 lit m8 of firslh 8oLution. 

The configurrtlon of thrr* army8 fo: v~ioua nunberr of cylinder6 18 illustrated fn Ft’guts 9.3. 

Each cylinkr ccmtcrlned32@76 !itms of Fiwlle roluth 

wI)Te pwfomed insMe a 9’ ft dh x .I0 ft utael turk, 
t-he off8ct8 of the fmd 1 TV. f 

.No correcticm )rl)m ro& to. the rerultr for stray 

These 
curve 

flllwl to a hrlght of Gt t@ r8t 27 ins md the ext ‘XJ!BpGi 
Lcatc, thrt they could not ba lzlada critical rt My Inigh 

uttm suLtlplicrtion 

Extrspahtian of a nciproc 
critical at a height gram 

al sourcwwutron multiplicrtlm curve from a height of 29 ins 1s raid to ahow thrt.thir @yrt*w mry b . 
T than 30 in&. 

?b 12 outer cylinders nare of 6 inr 0.D. and 045 in, wall thickhear 

Total n&ate in the solution corrarponcbd to MI Iy/U2js rtoraic rrtlo of SE%, In these l cprrrnbntr’. tha cylhdaru were )w1d in 
position on M alminhm Unistrut frme by bolted lugs, 

Exttiplrtton irrchtfinite, raid to h probably not critical l t any height, 

Ex tr4= 
he ight 

8cwce neutron nultiplicatim cum0 frwa 
l&it recorded. 

17 km is said to indicstg that the ryrtma may tm critical rt o 
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r WAYED CRXT ICAL PARAEEj-iS 

Na. ofa 
Cylinders 

045 
1 00 
240 
30 

. t-0 

A 6-o l 
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EXH33XKzNTAL RESULTS FOR ARRAYS OF ~YDfiOGEN WDERATED U2= UNITS - HIGHLY EhZWXED 

DELAYED CRXli3AL PARMCERS 

No, -ofa- Spacing Be%umer\ 
Exterior Surfaces Solution Height 

Cylinders ’ 

’ 6 in, dia. Cylinders (IO) 

t 3 i 0  0  > z7b 

I / *- 

7 o-15 81 w 

1 l o 74 
2*0 > 27; 

. . -30 4-0 > 27b 
+ t . > 27b m 

8 in, dia. Cylinders (ID) . 
F I 

3 CM5 84 

1 l o . . 10.8 
-2*o as 14*2 . -,3+) ’ : 17*1 

4.0 ’ 19@5 . 
. ’ 60 22.1 

-9*o 23.5 + , 



a. Ihe configuration of those arrays for various nu&ers 
of cylinders is iflustraicd in Figuxw 9.3 
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I . M-AYE0 CFWICAL PARhEtERS 

- . I 
81 

(9x9) I 
7473 

I I 
16 

. 



I I FfSSIE SOWION I I I 

I -. .9f in, dia. Cyltn&m (IO) 
I 

b, fie ntir in parentheses ate the AImWons of the array crxpresssd in ntanbet of cylinders 

C. IA these experiments ttme different solution heights wera used - 221 l&,-33b in,, L&i in,, tornsponding to !5*90 litres, 9*x) Litret, 
12.76 litres of fIssile solutiorr pt cylindm, The height of 88; in, was obtained by using a double tier of the 44; in, Wits, the v@rtical 
spacing between solution in the two tiers being se6 in, 

6, This expzrirrmnt WM pmformd Inside a 9; ft dia. x 10 f: steel tahk 

a. ‘?‘hi$ txperrwnt was ptfomed inside a 94 ft dia, x 10 ft steel tank contbining mffictcnt water to fom a. bottom reflector for the arrwi 

f, Plastic liner 0.20 in, thick inside each cylinder, resulting in l contained voluew of-G*33 Iltk per cyUndcr ,’ . 

9. Only a central mm of three cylinders wdm as specified, The temaiiing 8;~ c+inderr nbm of 6 in: &3, &d O*@ in, uatl thkkness 
, . 

L Chly one inner rrow of four cylinders as rpeclfied, The remaining six cyhhrs uer&f 6 in, O,D, ~rndh-5 fn. wall'thlcknass ‘. ’ 



EXYERIii&NTAt FiWJ:.TS FOR ARRAYS OF HYDAOGEN M3DERKEiJ U2= ‘NH-S - HI~+WY ERNIC 

a+me Lattices of Cylindrical bniCs in Water 

Reference : 16 1 . 

Fissile Schtion : UO~(NO& at &lo gm’ U/litre md 92*6 wt.< enrichment . . q 
Sy;;ecif ic Gravity 3 a55 
H/U23’ Atomic Ratio 

Q  1 indcrS : 5: in, O,D, seamless polyethylene t;ottles, approximately L8 in. ’ 
lh$? which had a 14 in, dia. capped openirrg and .a nominal capacity 
of‘ hA 13 1.. ‘he wall thkkness’vmied from 045 in. at thq bottm ’ - ‘. 

‘to c)*20 in, at tt-ie top, resulting in ZI Kate averaged ID of * 4.67 
-. in. Each cyi ihder mmtained 12.76 lit.res of’ fissiie solution + 

. 
I  

These experiments. were pl?rfomd inside a water fiNed tank mmurtng .c 
9$ ft in d&a, x 10 ft. ’ 

DELAYI% CRITICAL PARAklETERS . 

a. Tb nmbers in parenthesis are the dimeosbas 
of the array expressed in nmber of cyl inckrs 
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EXPERfht3'4TAt RESULTS FOR AWAYS OF HWROGEN MiiDERATED lJ235 UNITS - HIGtlLY tMUQ-rlED 

. 
Square Lattices of Cylindrical Units - Array 

Divided into Two Parts by Concrete or PlexSqks./WsWr SJab 

Spetific Gravity l:!j5 v - H/U23F atomic,,ratio 56 . ~ ’ . . . 
Cy 1 index-s : '15*2 cm dia., i a6 m thick aluniniun I . . 

‘Water Containers : 3m? ti thick alminim . 

lke cmfiguration of these arrays is illustrated in Figure 9*5.- m 
majbrity of cylinders in each array were filled to capacity, Le., a’stmdard 
theight of 50 in,; the heights recorded in the Table are for’the remaining 
non-standard cy 1 inder+ l 

. . DEUYED CRITICAL PARAMZTERS . 
F’IGUF$ NO,” 

l 

. . , Spacing Between Exterior - Sdution Huight Abve Ccmxmm , . ’ Surf aces of Cy 1 inders ’ Base in Non-Standard Cylinders . 
(in*) I bL1 

, 

- Air-Spaced Systems I 

9.5 (a) I fb4 (54-10 (3 cyls.)) . . (20*2 (1 cyl,)) 

9 l s o?) 44 (53elo (6 cyk)) 
. (m-2 (1 cll1.n 

9*5 (4 . 4*85 ’ 5 . 
50 l 0 

9ti5 (d) 8 4~26 - 
I - 

Concreted -Spaced Systems 

. Plexiglas/Water Spaced Systems 

4.15 
4.4 

L 

a, Neutron relaxation length w 12 in, 
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EWERIMNIXL RESULTS FOR ARRAYS OF HY-PI MBERATED Uz35 UNITS - HIW-ILY EMWXED 

Table 9,20 

Trianqle - Air Spaced 
Isasceles 

. 

Tbesas sxperis~~~ts were‘ perfomd inskk a 9+ ft dia. x 10 ft steel tank, . 
No corracticrrrs mme ma&t to the rerrolts for stray mflectbn or fm the ef fact . 
of Vii feed lina 

Q’ 

WLAYED CiUTI:CAL PARAMETERS 

0 * 60 
9o” 

12fP 

Sa1ution Height 
Above Camon 

Base 

10*7 * 
lb2 
lb7 . 
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cy 1 imders 2 t/16 in, thick Type 3s aluninfim 

6 in, dia. Cy~indttrts (ID) 

0.1 j in, 
V 

60 0 7-O 
90 c? 7*? 

12CP $*O 

9 I 0 92 
Go0 12.3 
90 0 144 

120Q i&*2 

6 in. dia. Cylin&rs (ID) 
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which uahg reflected BS indicatudt in the Table 

~~Fmxwt (SEE NOTES PREFACING TABLE 
ALSO FIGURE 9.13) : 

Mild Steal 

Thickness . . ( 1 cm 

147 97 0.83 
2.54 
3431 I . 
1 +27 0.92 
p54 
PC@ 

- IO016 
, 15*24 

20*32 

21-6 2*3 

DEUYED CRITICAL 
SPMXNG BETWEEP; 
PARALUXEPI PEb5 , 

Cd / 

ih478 
0.594 
0~732 
0*75? _ 
O*??i .a co 76 c 

05 # 4; 
om617 
0*660 
0&33 
o-673 

cm1 5 

oa6$3 
Om?80 
0*8& 
o l 256 



1. -  

iX F L E C T D R  ( S E E  N O ’IE S  P R E F A C ING  T A B L E , 
A i.sd F  FIG U R E  9 .13 )  D E L A Y E D  C R  1 T ICAt 

S P A C Z N G  B E  T W E W  
P A R A L I E L W I P E D S  

I 



EXFERIMENTAL RESULTS FOR ARRAYS OF HYMZEEN MllDERATED U"? UNITS - INTERMEDIATE 
AND LolFj ENBIWNTS 

. p&2 atomic $ Enriched UF in Two iPara1klepipeds - ‘5~~ _. 

Refesmce - : 37 

I 
. 

Thickness df ’ Spacing Eklween 
ipeds Parallelepipeds 1 

i > Frn . 

o”ooo 
0*257 
I-199 
1 l SlL 
3 l 622 
5497 
7 +76 
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EXQERIENTAL RESULTS FCM3 ARRAYS OF UNITS OF DIFFERIW U2= MATERIAlS 

Table 9,35 
Slab Tank of 30.45 wt.g Enriched L&F2 Sclution Xnteractinq wftb 

Rectilinem Paralklepigd of *.I 42 atomic $ Enriched 
UF&araf f in Wax Mixture 

Reference : 38 

UOaF2 Solution 2 Specific, gravity 

Ccmcentratf~n 

- Specific gravity 
-’ UF&ix Mixture : Uz3’ derrsfty r, 

Density r) 

H/lW ~atcmic ‘ratitg, 112 li/U23s atomic ’ . 
ratio, 572 

Slab, Tank : ’ 4*m cm thick, 120 .cm wide, Paralklepiped i 61 l 6 c111 thick, 
123 cmwide 

The experimental arrangement is ‘shown in Figure 9.15 

DELAYED CRITICAL PARAMETERS 

Thickness of ‘. 
Material Separating 

Fissile Units 
( 1, cm I 

Height of F.issile 
Mits Above 
Common Base 

( 1 cm 

. 

Om25 
O-58 
142 
2-24 
3e34 

.955 
7.85 

lo-32 

Mild Steel Spaced Systems 

O-69 ’ 74.2 
1 a98 91 e. 

Stainless Steel Spaced Systems 

o"5s 75 

. 

Polyethylene Spaced Systems 
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Tat2la 9*35 fcmt,) 

DELAYED CRITICAt PARMXERS 

Z-aced -System 

---- r. __- ~-- ~_ - 
Jabroc = Spaced Syetems 

4.05 
4e92 
6m73 

a. Jabroc is a #toad pmduct, 
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CHAPTER 10 - LATTICES 



Page 

EXPERIMENTAL RESULTS H)R IXUTERfw MODERATED SYSTEMS 

Table 1OJ U&/fh02 Mixture Fuel (93.2 wt$ Enriched Uranium) 

EXPERIMENTAL RESULTS FOR BERYLLIW MODERNED SYNEMS 

10.2 10 wt$ Enriched U,oC Fuel 

EXPERIMENTAL RESULTS FOR CARBON WDERATED SYSTEMS 

10.3 2.0 wt$ Enriched Metal Fuel 

E-MENTAL RESULTS FOR -N WDERATED SYSTEMS 
(see also Table 1OJl) 

10.4 1445 wt% Enriched Metal Fuel 
10.5 1.295 wt$ Enriched Metal Fuel 
10.6 1.311 wt$ Enriched I& Fuel 
10.7 I.6 wt$ Enriched Metal Fuel 
10.8 2.70 wt% EnrIched 
10.9 3:063 

l& Fuel 
wt$ Enriched Metal Fuel 

10.10 UO1/ThO2 Mixture Fuel (93.2 wt% Enriched Uranium) 

EXPERIMENTAL RESULTS FOR MIXED DEUTERIUII/HYDROGEN WERATED SYSTEMS 

fO.llm U& Fuel 

EXPERIMENTAL RESULTS FOR -N MODERATED SYSTEMS 

10.12 1.824 wt% Plutoniuq/Aluminium Alloy Fuel 
10.13 2.006 wts Plutoniuq/Alminium Alloy Fuel 
10.14 5 wts Plutoniuq/Aluminium Alloy Fuel 

a9 
m 
301 



1 l 

2 0 

3 0 

4 0 

5 0 

6 0 

7 l 

8 l 

9 0 

10 0 

11 0 
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EXPERIMENTAL RESULTS FOR U 23s FUELLED, HYDROGEN MDERATED LATTICES 

Referencet 

Fuel Rodst 

Table 10.4. 

OdOO in. dia x 48 in. clad in 0.028 in. thick aluminium 
and fitted with 3 in. end plugs to which aluminium end- 
pieces equal in diameter to the rod are attached. The 
I.D. of the aluminium cladding is 0.010 in. larier t%an 
the O.D. of the uranium rod. 

Lattice Types Hexagonal 

ModeratorjReflectort Water 

These experiments were performed in a water tank with the fuel rods suspended 
by the top end-piece from holes in a 2 in. thick ‘aluminium support plate, and 
the lower ends fitted into a thinner aluminium guide plate. Support and 
guide plates were connected at- the edges by aluminium rods, several pairs of 
plates being available to give different lattice spacings. The core cross- 
section was maintained as nearly circular as possible and an effectively 
infinite water reflector is said to have been maintained on all sides of the 

core. 

Lattice 

r 

Pitch 
( 1 Cm 

2.616 

I 2.990 

CORE 
I 

DELAYED CRITICAL PARAMETERS 

Water/U Volume Y/U235 Atomic Number of 
Ratio Ratio Rods 

2.017 - 463 

3.011 - 380 

Corea 
.Diameter Mass 

( 1 cm 

59.12 - 

61.20 - 

a. Calculated on an equal area basis, the cross-sectional area of the 
core being taken as the product of the unit cell area and the 
number of unit cells 



EXPERIMENTAL RESULTS FOR U ‘)’ FUELLED, HYDROGEN MODERATED LATTICES 

References: 

Fuel Rods 8 

7, a. 

48 ins in length1 clad in 0428 ins thick rl~dniunr and fiWtd 
with 3 17s end +ys to which sluminium end-pieces equal in dla- 
meter to the rod are attached. fre I.D. of the almi~ium cleddlng 
is 0.010 ins larger than the 0.D. of the uranic rod. 

Lsttic’e Type2 Hexagonal. 

Moderator/Reflector8 Water. 

The experiments were performed in a water tank with the fuel rods suspended by the top 
endpiecs from holes in B 2 in. thick aluminium support plate; and the lower ends fitted 
into a thinner aluminium guide plate. Support and guide plates were cmnected at the 
edges by duminium rods and several pairs of pla.tes were available to give different 
lattice spacings. The core cross-ssction was maintained as nearly circular as possible 
and an effectively infinite water reflactr,r is said to have been maintained on all sides 
of the core. 

CORE DELAYED CRITICAL PARAMETERS 
r 7 m 

Lattice Core” 
Pitch Water/U Volume H/U235 Atomic Number of 

(Cm: 
Ratio Ratio Rods Diameter Mass 

( 1 cm 
I . 

in* dia Fuel Rods . I ---- 
ZmdC% 1 l 515 - 478 55.22 - 

2.616 

2490 

i----- - 

335 

266 

50.28 

51*20 

0 387 h. dIa Fuel Rods 
I 

k 

lm725 2*024 a 9a 

1961 3.018 m 631 51 T-l l 72 
. 

a, Calculated on an equal-area basis, the cross-sectional area of the core 
being taken as the product of the unit cell area at;d the number of unit 
cells 



EXPERIMENTAL RESULTS FOR U “’ FUELLED, HYDROGEN MODERATED LATTICES 

Reference8 

Fuel Rods: 

core0 

t % Enriched UO2 FueL 

a 

48 ins in length; clad in 0.028 in. thick aluminium and fitted 
with 3 in. end plugs to which alusnlnium end-pieces equal in 
diameter to the rod are attached. The I.D. of the alumlnlum 
cladding is O*OlO in. larger than the O,D. of the uranium rod. 

Lattice Type: Hexagonal 

Moderator/Reflectoxr Water 

These experiments W\)re performed in a water tank with the fuel rods suspended by the top 
end-piece from holes in a 2 in. thick aluminium support plate, and the lower ends fitted 
into a thinner alumMum guide plate. Support and guide plates were connected at the edges 
by aluminium rods and several pairs of plates were available to give different lattice 
spacings. The core cuss-srJction was maintained as nearly circular as possible and an 
effectively infinite water reflector is said to have been maintained on all sides of the 

Lattice 
Pitch 

( 1 Cm 

(=ORE 

Water/U Volume H/U’3s Atomic 
Ratio Ratio 

DELAYED CRITICAL PARAMETERS a 

Number of Corea 
Rods Diameter Mass 

( cm 1 . 

2.205 3.068 - 1269 m - 

2-359 l tam0 - 1027 - - 

2.512 5400 * 987 m - 

no ia F-. 

1 l 558 3e953 u 3a5 - - 

1.652 4.947 - 27a - 0 
h 

. 
1.558 2m4 - 2173 - - 

le652 3.622 - 1755 - - 

1.806 4.878 - 1575 - - 

A 

a. Calculated on an equal-arts basis, the cross-sectional area of the core 
being taken as the product of the unit co11 area and the number of unit 
cells 



EXPERIMENTAL RESULTS ‘FOR u “’ FUELLED, HYDROGEN MODERATED LATTICES 

lched Metal Fue& 

Referencet 9 

Fuel Rods8 40 ino in length; assembled by stacking hollow fuel 
slugs in I Type 3S sluminium tube. The #lugs mre 
10% ino OD, O&h in. ID x 840 in. and the alumMum 

’ tube 1*%X) in. 0’3, 1+2 in ID. 

Lrttlce Type8 Hexago&blm 

Moderator/Reflectort later 
These experiments wre parfomed with the fuel rods orientated vertically in I 4 ft dir 
x 5 ft tank of water, the core being reflected on the sides and bottom only. 

CORE DELAYED CRITICAL PARAMETERS 

Lattice ’ Water/U 
Pitch Volume 
(in.) Ratio 

H/u 233 - Numb&r * 
Atomic of core urss / Ratio Rods Diameter 

A . 

SYSTEM WITH CENTRE OF EACH. FUEL ELEMENT FILLED WITH WATER 



EXPERIMENTL RESULTS FOR U “’ FUELLED, HYDROGEN MODERATED LATllICES 

References8 10, 11 

Fuel Rods8 Assembled by stacking 0.3 in. 00 fuel pellatr in a 
Type 3C% st8inleas steel tube to a length of 4840 in. 
(SW Figure 104) 

L8MC8 Type, Sqvrr* 

Moderator/Reflector8 u8ter 

These l xperlntnts were performed with the fuel rods orientated verticrlly in 8 6 ft di8 
x 7 ft stainless steel tank of mter, the core cto8sm%tion being maintrined as ne8rly 
circul8r as possible rnd the core being reflectd on all sides by tmtdre The fuel rods 
were supported in four matrix plater, themselves supported by 8 - 31 in. 130 aluminium core 
b8rre1, the top plate bring 1 in. thick rluminium, the bottom plate lf in. thick rl~inium 
and-the two plates spaced equally between ) in. thick Lucite. Separate retr of plrtes were 
8vail8ble for each 18ttiCe pitch. 

CORE DELAYED C8ITICAL PARAMETERS 
T 

t8ttiCO uater/u H/u 239 Number Core’ Core UU9 
Pi.tch Volume Atomic of Radius 
on4 

Height . M8$s 
R8tio R8tio Rods (4 ( 1 Clll b) 

0405 2.2 - 3063 32.01 121 l 9 414 

0@435 2.9 - 7851 2642 254 

0*470 39 l - 1301 2447 17e6 . 

8. Celcuf8ted on an equ81 8rea bauh ) the cross-sectional 8re8 of the core being tekeG 
8s the product of the unit cell are8 rnd the number of unit cellr 
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kttlco uatet/lJ 
Pl .ch Voltme 
(In.) R8tlo 

cd 
Dlbwtat 

(4 

than1 m 
-am 
(:b) 

.- 

14 

1.6 

lb7 

14 

145 

16 

24 

16 

2( 

16 

x 

16 

24 

16 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

13 

13 

24 

32.9 b lS2.1b 

118.6 

1044 

98.9 

100.3 

122.0 

16 

16 

16 

16 . 

16 

16 

3la94 

47*14 

16 16 299 299 14 14 

32 c 32 ' 460 c 460 c 15 15 

16 16 239 239 14 14 

32 ' 32 ' 355 c 355 c 15 15 

16 16 210 210 14 14 

32 c 32 c 312 ' 312 ' 15 15 

16 16 221 221 14 14 

32 ' 32 ' 315 c 315 c 15 15 

296.5 

*c *c 
32.16 

2 

6-84 272.) 272.) 

*C *C 

285 l 7 285 l 7 

*c *c 

0*3?5 

0*450 

O*%l 

0*550 

0*600 

~- ~ 
29*56 23.5 

30*38 23.5 

3? 44 23.5 

x*54 23.5 

~40 23.5 

337*1 16 

242.5 16 

219.9 16 

213.9 16 

221.0 16 

* 873 a26 

* 628*3 

* 569*7 

* 

- I 

5544 

572.5 

0. Calculated on an equal @tea brrlr, the ctowaectlonrl atea of the cot. belrrp taktn as the product of the vrrlt 
co11 l ea rnd the mabet of wit ~011s 

C. 4bmbt )  h  rt~~~~l- ht* tpOwd betwen the cot8 8nd  th8 bottom 88ttr rti iect0t 

d. tuc1to tubes c-21 tn. thick 
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Fuel Rodst Assembled by stacking fuel slugs tn l 0403 In. 00 fyp8 2s hmlnha tube. 
7~ types of tod uete used8 

1 h) 2. 

Lattlcc, fypet squar8 

#odrrrtOr/Refl8Ctor, water 

fhes8 8M~riWbt8 utte performed with the fuel rods orlmtated vertk8lly in l Wt8r tank, 
uintainbg the ems%-wition of the core 8s neatly c~m1l8t 8s possible. Th8 futl rodr 
W8r8 rupported in two ‘e99’crat8’ grids, the louer of rrhlch rested on l 4 in. thick l lumlnlu 
plet8 on the bottom of th8 tank and the upper of uhlch ~8% supported at 8bout th8 5 ft 18va1 
by l hmlnhm structum. 

CORE DELAYED CRITICAL PARAMETERS 

btt:C8 
wrtct/ 

mo2+w2) -g;;: P1 tch 
(W vobab8 

htio Fhtio 

IT---- 

Nu8tb8r of 
Rod% 

I I 
048?0 3 06% 

oa94 5.794 

I 329 1176 

528 1118 

I 47.28 t 404 93+9 

54.6 1814 r3d6 
L 1 

Th/tJ2” = I$*011 FUE& 

0.3850 

0*402? 

04810 

a. j8% of uranium prownt l s U308 

b. krrured from the lower end of the fIJd rod, 1.9 cm below the fuelled section 



Mod8r8toJ 
R8ff8CtOr8 Mix8d light &nd h8Wy U4t8r 

Th8S8 8rp8rbent8 u)dro porforred with th8 fu81 rod8 orl8ntated v8rtkdly in l 5 ft dla x 6.5 ft tank of rat8r 
wunt8d ln,ld8 8 88COnd 9 ft dtr t8nk. Th8 CO*8 CrOS8-r8CtlOn U(18 &8bt8in8d 88 nt8rly CkCul8r 88 porribl8. 
Th8 fU81 ti8 Wr8 8uppOrt8d in top, ri&Dl4n8 and bOttm m8triX PI&t88 8nd rertti Ofi f 2 h. thick 8luhbb 
b-X8 pl8t8 OfI th8 battom Of th8 tank. Th8 UPfWr Wd 10-r Mtrix pl8t8S wtt8 of th8 egg-crate tyv f8briC8tRd 
from 1 in. rid8 8hdnim drip. ?h8 ridol8n8 pl8t8 ~8 Of fa h thick drilled rluminlum rnd 8ub8idiary 
8xperiment8 8howd that it h8d only negligibl8 r8actlvity worth. 

CORE DELAYED CRITICAL PARAMETERS 
1 

Modtr8 tar 
tattle8 Jot81 )i~n mdtratQX: kd $ 010 h 

Total Gdtrrtor 
Radial Wunber of GM8' tf8iqht (AbOV8 

P1, tch 

*cmQ= 

R8fl8CtOr Radius Lower End of YlS8 
- (ln.) vO1UB8 R8tio 

1 

R8fltCtOr fh! Ckn88S (Cm) 
RQds 

(4 Fwfled Scction 
of Rods) (cm) 

249 wt % wtd Futl RodI 
x 

049s l*(x)1 04 35.38 396 20*82 14bl I - . 
70.0 3Q.73 2852 45*47 l34e9 w 

49.8 47*41 1140 28-79 1344 w 

0~670 0451 854 7-47 51x *73 134*2 - 

7O*Q 47.85 872 28-35 1 134*7 - 

. 02 wt 5 Enrlchtd Fvtl Rod% 

049S 14x6 
I 

6.0 

‘8ff* infe(c 

> 48db' 1807s(~) 139*ofb) - 

76.S 14.22 (d) 
I 

5204 61-48 152+ * 

69.7 35 34 22s2 49-46 151~0 a . 

4997 49.09 952 26-31 1504 

09571 1495 OS3 5642 20-18 146.1 - 

70.1 16.52 5320 59-68 1464 

49*7 csa 1390 30-51 146-l 1 - I 1 

8. tilcul8ted On 8n 8CJU81 8It8 b8%h, th8 cross-roctlonal are8 of th8 tort being trktn 8s the product of the 
unit C811 8r83 and th8 r&w of unit cells 

b. Upper 8nd lQw8r utrir plrt88 rzpfrcd by i in. thick drilled strhltss stttl pl8tts. Mtdprrn8 autrlx 
Pl8t8 Of f ifI. thick drilled Lucite 

c. Erpwlmnt p8rfomed in 9 ft di8 tank 

d. In thi8 8rperiment an &ddltlonrl 5 in. thickness of paraffin was placed rotnd the outsMe of the ram1 
sUrf8C8 Of th8 5 ft dir tank. 



EXPERIMENTAL RESULTS FOR PLUTONIUM FUELLED, HYDROGEN MODERATED LATTICES 

Table 10.12 

1.824 vrt $ Plutonium/Aluminiuma Alloy Fuel 

Reference: 19 

Fuel Rods: O*SoO in, dia x 44 in,; containing 8n average of 742 gm 
plutonium per rod and clad in 0.030 in, thick zircalloy 2, 
0666 in, OD, 9ne end of each rod contained helium in a 
0409 in, long region between the fuel andthe end cap, The 
weights of the end caps and the section of tubing beyond the 
fuel averaged 124 srn at one end and 21.6 gm at the other end, 
Puzho content of plutonium varied but was principally 505 or 
640 wt % with an average value of 5.58 wt $. The distribution 
of hods with differing Pu~~O contents was random throughout the 
lattice, Al/Pu atomic ratio - j Zr/Pu atomic ratio - 

Lattice Typer Hexagon2 1 

Moderator/Reflectorr Water 

These experiments were performed with the fuel rods orientated ve’rtically in a’ 4 ft dia. x 
5 ft tank of water, The core cross-section was hexagonal and an effectively infinite 
thickness of water is said to have been maintained on all sides of the core, The rods 
were supported in matrix plates fabricated in Lucite except for the top plate which was 
of f’ in. thick aluminium and was positioned 2 ins, above the end of the fuelled sections 
of the rods, Each rod was enclosed in a 0.032 in, thick Lucite tube, O~65Q in, OD, the 
space between the rod and the tube being filled with water to minimise voids, Subsidiary 
experiments showed that the Lucite tubes do not affect the results, 

CORE DELAYED CRIT’IeAL PARAMETERS 

Lattice 
Pitch 
(in,) 

b0/Rod H/pu Number of Core Plutonium 
Volume Ratio Atomic Ratio *Rods , Diameter MaSS 

09) 
1 

I I I 

QL Average compositiox 97e21 wt $ Al, 1.61 wt $ Ni, 0.69 wt $ Si, @49 wt % Fe 



EXPERIMENTAL RESULTS FOR PLUTONIUM FUELLED, HYDROGEN MODERATED LATTICE:; 

Table 10.13 

2406 wt% Plutonium/Aluminiuma Alloy Fuel 

Reference8 20 

Fuel Rodst O*f;OO in. dia x 36 in. containing an average of 6.383 qn 
plutonium per rod and clad in 0.03 in. thick Zircaloy 2, 
0.566 in. O.D. Total Zircaloy per rod 20’7&‘gm, of which 
6.0 gm and 6.5 gm respectively constituted lowei and upper 
end caps. 

Average isotopic composition of plutonium 81001% Pu’~~, 
16046% Pu%, 2031% Pu2”, 0020% puzb2. 
Al/Pu atomic ratio - Zr/Pu atomic ratio -. 

Lattice Type: Hexagonal 

Moderator/Reflector: Water 

These experiments were performed with the fuel rods orientated vertically in a 
4 ft dia x 5 ft tank of water. The core cross-section was hexagonal and an 
effectively infinite thickness of water is said to have been main:ained cn all 
sides of the cores. The rods were .supported in matrix plates fabricated in 
Lucite except for the top plate which was of $a in. thick aluminium and was 
positioned 1 in. below the ends of the fuelled sections of the rods. Each rod 
was enclosed in a 0.032 in. thick Lucite tube, 0.650 in. O.D. the space between. 
the rod and the tube being filled with water to minimise voids. Subsidiary 
experiments showed that the Lucite tubes do not affect the results. 

CORE DELAYED CRITICAL PARAMETERS 

Lattice H;rO/Rod H/Pu Number Plutonium 
Pitch Volume Atomic of Core Mass 
(in.) Ratio Ratio Rods Diameter 

( b-4 
I T 

o*66b 
I 

0*4993 3og*4 i 13gq - 8428 

0.75 @936o 5784 I 848@4 - 5e415 

040 1 l 202 ‘7@7 795e6 - 5a78 

0.85 1487 918e2 
I 

785*6 - 5@014 

0*90 1 l 788 1104 a494 - 5.552 

0*95 2e106 1301 log+2 - 7eo16 

a. Average composition; 
Oe3 wt% Si, 0.1 wt% Cu 

9767 wt% Al, la63 wt% Ni, 04 wt% Fe; 

b . These rods were not enclosed in Lucite tubes 



EXPERIMENTAL RESULTS FOR PLUTONIUM FUELLED, HYDROGEN MODERATED LATTICES 

Reference; 21, 22 

Fuel, Rods8 Om506 in. dia x 24 in; containing an average of 11 e*Ol gm 
plutonium pet rod and clad in OeO3 in. thick Zlrcalloy 2 
with 0.020 and 0425 ina thick end caps. 
Pu”‘O content of plutonium 5.0 wt- 5. 
Ai/Pu atomic ratio = 16&20, ZT/PU atomic ratio = 31.92. 

Hexagonal Lattice Types 

Moderator/Reflectort 

Table lOeI4 

Water 

These experiments were performed with the fuel rods orientated vertically in a 4 ft dla x 
5 ft tank of water- The core cross-section wx hexagonal and an effectively infinit8 
thickness of water 1s said to have been ma%ntained on all sides of the core- The rods 
were supported in Lucite matrix plates. 

Lattice 
Pitch 
b4 

0~85 

0*90 

140 

140 

1.20 

1 a30 

CORE DELAYED CRITICAL PARANTFRS 

HaO/Rod H/p u Number Core Plutonium 
Volume Atomic of Mass 

Ratio Ratio Rod5 . Diameter 
hd 

1 I I i 
I I 

146 354m7 230~2 - 2.54 

2c3 42&8 t 192eO - 24 

3eo6 582e6 170*1 - 147 
/ I 

3*96 755d l6&5 - 1 l 88 

de95 9&O 1814 - lm99 

6*03 1149*3 215e5 a 2.37 
h 

301 



FUEL ROD DIMENSIONS 

CLADDING 

FIGURE IO4 (SEE TA6LE IO@ 


